The morphology and morphometry of five soil haptorid ciliates (Apospathidium terricola, Diplites telmatobius, Armatoenchelys geleii, Paraenchelys terricola, and Spathidium aciculare), collected from a variety of terrestrial habitats in Slovakia (Central Europe), were investigated using live observation and protargol impregnation. Emphasis was given on the ciliary pattern, the fine structure of dorsal brush, as well as the shape and size of the extrusomes. The Slovak specimens of A. geleii differ considerably from other populations investigated in detail by body size and micronuclei number. Furthermore, the most important difference concerns the number of dorsal brush rows (4 vs. 3). Therefore, it was decided to establish a new subspecies, namely Armatoenchelys geleii barborae ssp. n., for the Slovak population. Shape and nuclear variants of A. terricola and P. terricola are presented and morphometrically characterized. Novel details on the dorsal brush structure of A. terricola and D. telmatobius are reported. Pair formation and exconjugant nuclear reconstruction in P. terricola are described. Two species, namely A. terricola and S. aciculare, are first records for the Holoarctic biogeographic region.
Introduction
Haptorids are considered as important rapacious ciliates, and at present approximately 26% of the described species have been recorded from terrestrial habitats (Foissner 1998a; Foissner et al. 2002) . In the last decades, both detailed live observation and silver impregnation were used to study those ciliates. This has led to the description and re-description of many new and insufficiently known species from soil, leaf-litter, and moss collected in tropics (e.g., Blatterer & Foissner 1988; Foissner 1997 Foissner , 1998b Foissner , 1999 Foissner et al. 2002) , polar (e.g., Petz & Foissner 1997) , and temperate regions (e.g., Berger et al. 1984; Foissner 1981 Foissner , 1984 Foissner , 2000 Foissner et al. 2005) . Furthermore, an extensive diversity of haptorids and their morphological variability have been revealed (e.g., Foissner & Xu 2006; Foissner et al. 2002) . Usually, only one or rarely two populations of an individual species were described in detail; thus our knowledge on the geographic distribution and variability is still imperfect.
During extensive research on taxonomy and ecology of soil protists (e.g., Mrva 2003 Mrva , 2007 Tirjaková & Vďačný 2004; ) from a variety of sites, four haptorids were recorded for the first time in Slovakia and one haptorid was found to be a new subspecies of Armatoenchelys geleii. Two species were recorded for the first time after their initial description, and two species are first records for the Holoarctic region.
Material and methods
Samples were collected from a variety of sites in Slovakia: Sample 1. Leaf-litter composed of mixed oak and hornbeam leafs with pH 5.3; oak-hornbeam forest; Juh -Trenčín, Strážovské vrchy Mts (48 • 53 N, 18
• 01 E). Sample 2. Leaf-litter composed mainly of beech and oak leafs with pH 5.5; oak-hornbeam forest; Knižková dolina valley, Malé Karpaty Mts (48 • 13 N, 17 • 09 E). Sample 3. Leaf-litter composed of poplar and ash leafs with pH 5.0; floodplain forest; Suchohrad; Borská nížina lowland (48 • 24 N, 16 • 51 E). Sample 4. Sandy soil mixed with roots and small twigs with pH 6.0; Borievka; Cerová vrchovina highlands (48 • 10 N, 19 • 54 E). The samples were processed by the non-flooded Petri dish method as described in Foissner et al. (2002) .
Species were identified according to Foissner (1984 Foissner ( , 1998b Foissner ( , 2000 and Foissner et al. (2002) , using live observation and protargol impregnation, protocol A (Foissner 1991) . Illustrations of live specimens are based on free-hand sketches and represent summaries of the observations of live and impregnated cells. Illustrations of prepared cells were made with a drawing device. Morphometry is based on wellimpregnated specimens, and data were processed according to statistics textbooks.
Slides (one holotype, one paratype) with protargolimpregnated specimens of the new subspecies are deposited at the Department of Zoology, Faculty of Natural Sciences, Comenius University in Bratislava, Slovak Republic.
Terminology and classification are according to Corliss (1979) , , Foissner et al. (2002) , Kahl (1930) , and Xu & Foissner (2004 
Results and discussion
Pseudoholophryidae Berger, Foissner et Adam, 1984 Paraenchelys terricola Foissner, 1984 (Figs 1A-M, 6A-C; Table 1) Description. Size 95-160 × 30-55 µm in vivo, usually about 120 × 40 µm, length:width ratio on average of 2.9:1 after protargol impregnation (Table 1) . Body outline elongate ellipsoidal to ovoidal with narrowly rounded anterior end; flattened up to 2:1; very flexible but acontractile. Macronucleus broadly ellipsoidal (Fig. 1J) , reniform (Figs 1A, L) or rod-shaped (Figs 1H, I, K), usually in mid-body or posterior body third. Micronucleus ellipsoidal (2.7 × 2.2 µm), attached or near to macronucleus. Contractile vacuole in rear end of cell. Extrusomes (toxicysts) studded in oral bulge and scattered in cytoplasm, composed of two parts with different affinity to protargol: posterior half tear-shaped (∼6 µm long) and heavily impregnated, anterior half fili- Explanations: Mean -arithmetic mean; M -median; SD -standard deviation; CV -coefficient of variation in %; SE -standard error of arithmetic mean; Min -minimum; Max -maximum; n -number of individuals investigated. a Evaluated only in the Slovak population.
form (∼5 µm long) and weakly stained (Fig. 1D) . Cortex thin, contains colourless, minute granules in loosely spaced rows between adjacent kineties (Fig. 1E ). Cilia about 9 µm long in vivo, closely spaced and arranged in an average of 51 bipolar, slightly spiral rows (Fig. 1B) , of which up to 7 are anteriorly differentiated to a dorsal brush with diffuse pattern, i.e., scattered kinetofragments (20 on average) composed of 2-6 closely spaced basal bodies. Oral area in anterior body end, minute (3 µm across) compared to the body size ( Figs 1A, B , H-M) and inconspicuously set off from body proper by circumoral kinety. Nematodesmata associated with circumoral dikinetids, form inconspicuous oral basket extending to mid-body. Specimens swim rapidly by rotation about main body axis. Conjugation. Only early (pair formation) and very late stages (exconjugant nuclear reconstruction) of conjugation were found in the protargol slides.
Pair formation heteropolar, conjugants arched by 75
• , likely united in oral area, partners of similar size, conjugation thus likely isogamic ( Figs 1C, 6A ). The macronucleus condenses to a globular mass and starts to disintegrate when the micronucleus swells from about 2.5 µm to 10 µm. The swollen micronucleus impregnates faintly and shows a fibrous structure possibly due to the spiralized chromosomes.
Early exconjugants are of same length, but distinctly more slender than the partners of a late conjugation pair (Figs 1F, 6B) . Two macronuclear anlagen grow in size, become ellipsoidal or ovoidal and then fuse to a compact, ellipsoidal macronucleus surrounded by a membrane distinctly apart from the nucleoplasm in late exconjugants.
Basically, the initial and final conjugation stages of Paraenchelys terricola follow the haptorid mode (Xu & Foissner 2004) . Paraenchelys terricola differs from Protospathidium serpens and Spathidium spathula in the nuclear reconstruction, namely in having only two instead of four macronuclear anlagen, as Epispathidium ascendens, Apertospathula armata and Didinium nasutum. Interestingly, Xu & Foissner (2004) found also a distinct membrane surrounding each macronuclear anlage, indicating that it is definite structure and not an artefact as proposed by Xu & Foissner (2004) . Comparison with original description. Our population matches the original description of Foissner (1984) . However, the Slovak population is considerably larger both in vivo (95-160 × 30-55 µm vs. 70-100 µm) and after protargol impregnation (108.6 × 38.4 µm vs. 66.4 × 34.8 µm), and also possesses a higher number of ciliary rows (51 vs. 44). Notes on occurrence and ecology. Paraenchelys terricola is considered to be a common inhabitant of terrestrial habitats and it has been recorded from all biogeographical regions (Foissner 1998a; Foissner et al. 2002) . This species was discovered in field soil from Austria (Foissner 1984) , and later it was recorded from many sites of Germany (Foissner 2000) . Further, several records are known from the Paleotropics (Foissner 1999; Foissner et al. 2002) , the Neotropics (Foissner 1997) , and the Australis (Blatterer & Foissner 1988 Diagnosis. Size about 95 × 40 µm in live. On average 7 micronuclei and 27 ciliary rows of which 4 differentiated to a dorsal brush. Description. Size 80-155 × 30-55 µm in vivo, usually about 95 × 40 µm, length:width ratio on average 2.8:1 in protargol preparations (Table 2) . Body slenderly to broadly cylindroidal (Figs 2A, H-K, N, O) , rarely pyriform ( Figs 2L, M) . Macronucleus in mid-body or posterior third of cell, as a tortuous strand highly variable in length and shape (Table 2) . Usually 7 globular micronuclei scattered in cytoplasm. Oral (5 µm) and body (7 µm) extrusomes slenderly fusiform and slightly curved, do not impregnate with the protargol method used, except of certain developmental stages forming conspicuous bundles of wrinkled rods near macronuclear strand ( Figs 2I, O) . Cilia about 10 µm long, arranged in an average of 27 equidistant, meridional rows (Figs 2B, C, 6D). Usually four rows anteriorly differentiated to a dorsal brush occupying about 24% of body length. Dikinetidal portion of rows 1 and 3 of the similar length and number of dikinetids, whilst row 2 is usually distinctly longer. Row 3 continues posteriorly with a very short tail composed of an average of 5 monokinetids with inconspicuous, slightly inflated bristles (Fig. 2F) .
Brush row 4 composed of an average of 6 dikinetids and an anterior tail of 2-7 monokinetids. Oral bulge inconspicuous because only about 2.5 µm high, elliptical in frontal view, with central depression when seen laterally. Circumoral kinety composed of monokinetids at the top of ciliary rows (Figs 2B-D) . Oral basket formed of nematodesmata originating from first 7-15 oralized somatic monokinetids ( Figs 2C, H-O) . Type locality. Leaf-litter composed of mixed oak and hornbeam leafs; oak-hornbeam forest; Juh -Trenčín, Strážovské vrchy Mts (48 • 53 N, 18
• 01 E). Dedication. Peter Vďačný dedicates this subspecies to Mgr. Barbora Maljarová to acknowledge her support and friendship over many years.
Comparison of Armatoenchelys geleii populations. Our population differs considerably from those studied by Foissner (1981 Foissner ( , 2000 . The Slovak specimens are much smaller (87 × 31 µm vs. 133 × 30 µm), what influenced the length of the nuclear figure (39 µm vs. 46 µm) and brush row 2 (20 µm long and composed of an average of 21.3 dikinetids vs. 37 µm long and built from 37 dikinetids); further, there is a difference in the number of micronuclei (7 vs. ∼16) and ciliary rows (27 vs. 23). However, the most important difference con- cerns the number of dorsal brush rows (usually 4 vs. 3), a feature usually quite stable in haptorid ciliates, although some variability has been noted (Foissner et al. 2002) . Thus, the Slovak population could be a distinct subspecies, which is strengthened by the considerable differences in body size and micronuclei number. Notes on occurrence and ecology. Armatoenchelys geleii (Foissner, 1981) Vďačný, 2007 was recorded in terrestrial habitats from the Holoarctis (Foissner 1981 (Foissner , 1998a (Foissner , 2000 Foissner et al. 2005) , the Paleotropics and the Neotropics (Foissner et al. 2002) . We found A. geleii in Slovakia in leaf litter and the upper soil layer of three oak-hornbeam forests (Červený kríž, Urbársky les, Zbojnička) of the Malé Karpaty Mts as well as in litter and blackish, humous soil from the upper 4 cm of a mixed forest near Dúbravy, Žilinská kotlina basin.
Fuscheriidae Foissner, Agatha et Berger, 2002
Diplites telmatobius Foissner, 1998 (Figs 3A-G, 6F, G) Description. Size 55-65 × 15-20 µm in vivo, about 48 × 12 µm after protargol impregnation, length:width ratio of low variability both in vivo (usually near 2.8:1) and in protargol preparations (on average 3.9:1). Shape fairly constant, oblong and slightly asymmetrical (Fig. 3A) . Macronucleus in middle third of body, ellipsoidal to elongate ellipsoidal, on average 17 × 5 µm, contains small nucleoli. Micronucleus ellipsoidal or slightly asymmetrical, 2.5 × 1.2 µm, attached to macronucleus. Body extrusomes 3 µm long and rodshaped, very fine (Fig. 3E) , arranged within ciliary rows (Fig. 3A) . Oral bulge extrusomes clavate, 1.5 µm long (Fig. 3F) . Cilia 8 µm long in vivo, rather widely spaced, arranged in an average of 10 meridional rows (Figs 3B, C, 6F, G). Two ciliary rows anteriorly differentiated to form a dorsal brush occupying about 13% of body length. Both rows commence with a monokinetidal tail composed of 1-2 kinetids. Row 1 slightly longer than row 2 and composed of 6 dikinetids on average, row 2 composed of 4 dikinetids having about 3 µm long, cylindroidal bristles, continues with a monokinetidal tail extending to anterior third of body. Dorsal bristles within individual rows of same length and shape (cylindroidal), while bristles of row 2 shorter by one third than those of row 1 (Fig. 3D) . Oral bulge occupies anterior body end, on average 4 µm across and 1.5 µm high. Circumoral kinety composed of dikinetids. Oral basket formed of fine rods originating from barren circumoral basal bodies and from 3-4 oralized somatic monokinetids (Fig. 3C) .
Comparison with original description. Our specimens match those of the type (Foissner 1998b ) and two Namibian populations (Foissner et al. 2002) , both in main morphometry and morphology, especially in the shape and size of the body (48 × 12 µm vs. 57 × 21 µm vs. 51 × 21 µm) and the shape, size, and arrangement of the extrusomes. Foissner et al. (2002) found differences in the fine structure of the dorsal brush between the type population and two other Namibian populations. Likewise, the fine structure of the dorsal brush of the Slovak population is different from those of the type and the two Namibian populations, showing a considerable variability of Diplites telmatobius in this feature: the Namibian populations lack the monokinetids of the anterior end of the brush rows and have associated with row 2 a monokinetidal bristle tail, as does Namibian site 49 population. Among all Namibian populations (Foissner 1998b; Foissner et al. 2002) , the fine structure of the dorsal brush of the Slovak specimens is most similar to the type specimens. Unfortunately, morphological data on the Austrian isolate are lacking (Foissner et al. 2005) . Furthermore, the Slovak specimens differ by the number of ciliary rows from the type population (10 vs. 16). In this respect D. telmatobius is similar to D. arenicola which, however, has slightly spiral ciliary rows and ellipsoidal oral extrusomes, whilst the former has meridional ciliary rows and clavate oral extrusomes (Foissner et al. 2002) ; thus these two species cannot be confused. However, we cannot exclude that the Slovak (Holoarctic?) population represents a distinct subspecies, as indicated by the differences in the dorsal brush and number of ciliary rows.
Notes on occurrence and ecology. This species was discovered in dry mud from Namibia (Africa) by Foissner (1998b) ; later, two populations were isolated from this region as well (Foissner et al. 2002) . As it was not found in thousand samples from terrestrial habitats collected worldwide (Foissner 1998a) , geographical restriction to continental Africa was proposed. However, recently D. telmatobius was discovered in Austria (Europe) by Foissner et al. (2005) . We isolated this species from a sample composed of beech-and oaklitter collected in the Knižková dolina valley, Slovakia (country bordering Austria). Thus, D. telmatobius is widespread and possibly restricted to terrestrial and floodplain habitats. Differences in the fine structure of the dorsal brush might indicate some biogeographic differentiation. body length:width ratio on average 4.3:1 in protargol preparations. Shape distinctly spatulate (Fig. 4A) . Macronuclear strand slightly tortuous, nucleoli globular and medium-sized. About 5 micronuclei about 2.8 µm across near to macronucleus. Extrusomes acicular (Figs 4D, E) and studded in oral bulge and scattered in cytoplasm, those in cytoplasm impregnate heavily and measure 4.5-5.5 µm, while those in oral bulge are 5-6 µm long. Cilia about 6 µm long in vivo, densely arranged in an average of 24 rows, three of them anteriorly differentiated to form a dorsal brush occupying about 24% of body length (Figs 4B, C, 6H) . Brush row 2 longest and composed of 28 dikinetids on average. Row 3 about half the length of row 2, composed of 12 dikinetids on average, and continues with a monokinetidal bristle tail extending to first third of body (Figs 4A, C) . Row 1 about 18 µm long and composed of 18 dikinetids on average. Oral bulge occupies anterior end of cell, about 22 × 4 µm in size (Fig. 4A) . Circumoral kinety composed of slightly segmented kinetofragments, dikinetids associated with very fine rods forming faintly impregnated basket.
Spathidiidae Kahl in Doflein et
Comparison with original description. Our population matches the original description, especially in the shape and size of the body, the shape of extrusomes, and the nuclear apparatus, as well as in the number of ciliary rows (24 vs. 19) . However, the Slovak specimens differ from the type population in the length of the monokinetidal bristle tail of brush row 3 (extending to one third of body length vs. terminating by two thirds of body length or extending to posterior end) and in the length of the extrusomes (5.5 µm vs. 7.5 µm). Notes on occurrence and ecology. To date, S. aciculare was known from grassland soil of Australia and the Namib Desert in Africa (Foissner et al. 2002) . Our record is the first for the Holoarctic region. We found S. For explanations see Table 1 . a Evaluated only in the Slovak population.
aciculare in a sample of poplar and ash leafs collected in the floodplain region Suchohrad of the Morava River. Foissner, Agatha et Berger, 2002 (Figs 5A-M;  Table 3) Description. Size 70-130 × 20-40 µm in vivo, usually near 84 × 19 µm after protargol impregnation, length:width ratio of considerable variability, namely 2.3-8.2:1, on average 4.6:1 both in vivo and in protargol preparations (Table 3) . Cell fusiform with posterior end slightly narrower than anterior (Fig. 5A) . Macronucleus in middle third of cell, usually rod-shaped (Figs 5A, F, G, I, L) or dumbbell-shaped (Figs 5B, K), about 24 × 6 µm in protargol preparations; nucleoli 2 µm in diameter. Out of 9 impregnated cells analyzed, one specimen possessed 12 nodules scattered in mid-body (reconstruction process in exconjugant?; Fig. 5M ). One globular micronucleus surrounded by a hyaline membrane, near or attached to macronucleus. Contractile vacuole distinctly subterminal, i.e., above tail-like rear end (Fig. 5A) . Oral bulge and body extrusomes rodshaped to slightly curved with rounded ends (Fig. 5E ), 4-6 µm long, studded in oral bulge and scattered among cortical granules in three to four indistinct rows between adjacent ciliary rows (Fig. 5D ). Cilia about 10 µm long in vivo, arranged in an average of 10 bipolar, widely spaced rows more or less distinctly curved at base of oral bulge (Fig. 5B) . Four rows anteriorly differentiated to form a dorsal brush occupying on average 8% of body length. Out of 9 impregnated specimens analyzed, one had a three-rowed brush. Dorsal bristles cylindroidal, the first 2-4 bristles of each dikinetid up to 8 µm long, the following only about half the length of the anterior ones; brush row 4 bristles are of the shorter type only (Fig. 5C ). Dorsal bristles of each dikinetid of same length. All rows continue as somatic kineties posteriorly; a monokinetidal bristle tail lacking. Oral bulge about two thirds as long as widest trunk region, conspicuous because up to 5 µm high. Comparison with original description. Our population corresponds well with the original description, especially in the body shape, the location of the contractile vacuole, the nuclear pattern, the shape and arrangement of the extrusomes, and the number of ciliary and brush rows. However, the Slovak specimens are considerably smaller both in vivo (70-130 × 20-40 µm vs. 130-170 × 25-50 µm) and after protargol preparation (84.3 × 19.2 µm vs. 131.6 × 33.3 µm). Accordingly, the macronucleus and the dorsal brush rows are shorter and composed of fewer dikinetids. Further details, see Table 3 . Notes on occurrence and ecology. To date, Apospathidium terricola was known only from the type locality, that is, mud and soil from granitic rock-pools in the Namib Escarpment, Africa (Foissner et al. 2002) . We found it in sandy soil mixed with roots and small twigs near to the village Borievka, Cerová vrchovina highlands. This indicates that A. terricola is widespread and possibly restricted to terrestrial habitats.
Apospathidium terricola

